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STORAGE REGION MANAGEMENT
METHOD, STORAGE REGION
ALLOCATION METHOD AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 12/929.813, filed on Feb. 17, 2011, which 1s a
continuation of International Application No. PCT/JP2009/
003452 filed on Jul. 22, 2009, and 1s based on and claims the
benelit of prionty of the prior Japanese Patent Application
Nos. 2008-209395 and 2008-264689, filed on Aug. 17, 2008
and Oct. 11, 2008 respectively, the entire contents of which
are incorporated herein by reference. The contents of PCT/
TP2009/003452 are incorporated herein by reference in their
entirety.

BACKGROUND

Field of the Invention

This 1nvention 1s related to technology for managing
storage areas 1n a storage device and allocating files and
memory objects to those storage areas.

Description of Related Art

Up to now, file systems such as, for example, FAT (File
Allocation Tables) or NTFS (NT File System) have been
used as the method to manage data stored 1n a storage device
like a hard disk and so forth.

FIG. 1A 1s a drawing describing the region allocation for
an external storage device such as a hard disk, used in prior
art.

For example, as shown 1n FIG. 1A, a master boot record
195 and a region management table 195a holding region
management data are disposed at the beginning of the
memory area in the external storage device 306.

Furthermore, by means of an unshown utility program for
a disk allocator or other such means, 4 regions, 1 to 4 (191,
192, 193, 194), are allocated and each are assigned to some
file system. FIG. 1A shows an example of region manage-
ment table 1954 that includes the region information 196 for
region number 3 with its entries of region number 196a, start
position 1965, and region size 196¢. Region number 1964
holds the region number that identifies the region, and 1n the
example 1t 1s number 3. The start position holds information
on the starting address of the region, and in the example
these contents are omitted. Region size 196¢ holds the
number of allocation units for that region and in this
example 1t 15 52.

The disk allocation management for the files in each
region 1s complicated because it depends on the allocation
methods unique to the file systems assigned to each region.

For example, a FAT keeps a link list showing the blocks
allocated to each file. And a NTFS keeps information on the
start position and number of contiguous blocks for the
blocks allocated to each file.

To resolve the problem of allocation management for each
of these files systems, for example, the art of a buddy system
was proposed, as disclosed 1n patent reference 1 and non-
patent reference 1 below. A buddy system partitions the
storage area 1n sizes that are a power of 2 and manages
allocation that way. A basic buddy system 1s employed 1n the
allocation ol memory objects 1n a simple system that does
not use a virtual storage method.

FIG. 1B 1s a drawing describing the allocation principles
of the buddy system. FIG. 1B shows an assigned area 490
whose s1ze 1s 2 to the 3rd power (=8) and a tree configuration
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580 associated with that assigned area. Assigned area 490 1s,
for example, one of the regions 1 to 4 shown 1n the example

in FIG. 1A.

The tree configuration 580 models hierarchically the
relations between the areas (1n the terminology of patent
reference 1 these are “extents”) that are successive partitions
in two (halving) of the size of assigned area 490 down to a
predetermined allocation unit size.

When the partition level at the level of the allocation unit
s1ze 1s taken to be level 0, as shown 1n the drawing, the level
of the root node 1s 3, 1n other words, the power-of-2 size of
the assigned area 490. [Saying 1t differently, the partition
level number of a given extent expresses the power-o1-2 size
of that extent, which in turn expresses the number of
allocation umts that compose that extent. ]

The root node 480 of the tree configuration 580 corre-
sponds to the total area (level 3 extent) of the assigned area
490 belore partitioning, and the “8” depicted 1nside the node
corresponds to the size of the corresponding assigned area
490. Also, the numbers in parentheses are level-internal
numbers to distinguish extents within the same level.

Node 440 connected to the root node 480 by link 540 and
node 441 connected to the root node 480 by link 541
correspond to the area (level 2 extent) of the assigned area
490 partitioned 1n half. The size of each of those extents 1s
the 4 shown 1n the drawing.

Below node 440 are node 420 with a size of 2 and
connected by link 520, and node 421 with a size of 2 and
connected by link 521.

In the same way, below node 441 are node 422 with a size
of 2 and connected by link 522, and node 423 with a size of
2 and connected by link 523. These 4 nodes correspond to
level 1 extents.

Below node 420 are node 410 with a size of 1 and
connected by link 510, and node 411 with a size of 1 and
connected by link 511.

In the same way, below node 421 are node 412 with a size
of 1 and connected by link 512, and node 413 with a size of
1 and connected by link 513, and below node 422 are node
414 with a size of 1 and connected by link 514, and node 415
with a si1ze of 1 and connected by link 515, and below node
423 are node 416 with a size of 1 and connected by link 516,
and node 417 with a size of 1 and connected by link 517.
These 8 nodes correspond to level O extents.

Each of the nodes other than the root node 480 corre-
sponds to one of the two extents that are %2 of the extent
corresponding to 1ts parent node. Thus the sum of the extent
s1zes at each level 1s equal to the size of the assigned area
490.

In accordance to the above noted buddy system, when a
file of a certain size 1s to be allocated, 1t 1s sufllicient to search
for and allocate an available extent among the extents whose
sizes are equal to that file size or exceed 1t by power-o1-2
difference, and when 1t 1s released, 1t 1s suflicient to return 1t
to the group of available extents with that size, and thus the
allocation and release of files and memory objects and the
related area management 1s simplified.

Patent Document 1: JP 1995-28693 A

Non-Patent Document 1: Taku Yasui, “First Study of the
Linux Kernel (Part 5 Kernel Memory Management)”
Nikkei Linux Vol. 6 No. 1 (2004-01-08) pp 123-130 (1n

Japanese)

SUMMARY

However because memory area 1s allocated 1n units of the
power of 2 in the buddy system, when, for example, a file of
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2.1 GB 1s to be allocated, an area of 4 GB 1s necessary and
atter the file allocation an unused area 1n which no data is

written exists 1n the area of 4 GB but previous file systems
are not able to use the unused area for another file allocation
and thus memory space cannot be used eflectively.

Also for example, even 1f the total capacity of a storage
device 1s 127 GB, the largest region that can be managed has
to be a 64 GB region, which region 1s the physical or logical
allocation area for a requester requesting a storage area.
Although the size of region 3 (193) shown 1n the example of
FIG. 1A 1s 52, 1t can only be managed in regions of the size
of 2 to the power of 5 (=32).

Because 1n the buddy system areas are allocated 1n units
of a power of 2, the allocation and release of files and
memory objects and the related area management are sim-
plified. However, because there 1s no management of the
area left over from an 1nitial power-oi-2 size area when an
area that 1s not a power-o1-2 size 1s allocated 1n the mitial
area or of the area left over from an 1nitial area that 1s not a
power-ol-2 size when an area with a power-ol-2 size 1s
allocated 1n that initial area, the problem exists that these
arcas are not utilized eflfectively.

Whereat, this invention has the objective of providing an
art that enables the management of remaining storage areas
even when an area that 1s not a power-o1-2 size 1s obtained
from a power-oi-2 size area or even when a power-o1-2 size
area 1s obtained from an area that 1s not a power-oi-2 size
and that eflectively utilizes storage areas.

In accordance with the storage area management method
of this mvention, by enabling the acqulred storage area to be
partltloned into storage areas with differing power-of-2
s1zes, managed thusly, and allocated, the above problem 1s
resolved.

In accordance with one preferred embodiment of this
invention, an allocation size for a region 1s acquired, and a
sum of mutually differing powers of 2 1s computed from that
allocation size and the region allocation unit size, and, for
cach exponent of the mutually differing powers of 2 that has
been computed, the region i1s partitioned into segments
whose size 1s the product of that power of 2 and the region
allocation unit size, and the region 1s managed for each such
partitioned segment.

Also, 1n accordance with another embodiment of this
invention, an allocation request for a storage area with the
requested allocation size 1s received, and an available stor-
age area 1s acquired whose size 1s the smallest of the product
of a power of 2 that encompasses the requested allocation
s1ze times the allocation unit size, and a binary expression of
the value of the requested allocation size divided by the
allocation unit size of the region 1s determined and a
continuous storage area 1s allocated that 1s comprised of a
storage arca whose size 1s the product of the unit size of the
region and of the power of 2 for each bit position in that
binary expression wherein the bit value 1s 1.

Because, 1n accordance with this invention, storage areas
are managed by a combination of power-o1-2 sizes, storage
areas with any size can be effectively managed, and because
allocation management 1s performed for storage areas that
have been partitioned into each power-o1-2 size, and because
files and memory objects are allocated 1n continuous storage
areas with no waste, eflective utilization of storage areas can
be expected.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1A 1s a drawing describing an example of the region
allocation for an external storage device.
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FIG. 1B 1s a drawing describing the allocation principles
of the buddy system.

FIG. 2 1s a drawing describing an exemplary hardware
configuration for embodying the present invention.

FIG. 3A 1s a drawing describing an overview of the
primary partitioning (1nitial allocation) of an acquired region
and 1ts management in preferred embodiment 1 of this
invention.

FIG. 3B 1s a drawing describing the allocated partition
table that manages the acquired region that underwent the
primary partitioning shown in FIG. 3A.

FIG. 3C 1s a drawing describing an example of the
processing flow for the primary partitioning (initial alloca-
tion) of an acquired region in preferred embodiment 1 of this
invention.

FIG. 4A 1s a drawing describing an overview of the
acquiring of a segment with the requested allocation size and
releasing of unused segments 1n preferred embodiment 2 of
this 1nvention.

FIG. 4B 1s a drawing describing an example of the
allocation statuses ol extents at each partition level 1n
preferred embodiment 2 of this invention.

FIG. 5A 1s a drawing describing an example of the
processing flow for imtializing a buddy system 1in this
invention.

FIG. 5B 1s a drawing describing an example of the
processing tlow for acquiring an available extent by means
of a buddy system 1n this mvention.

FIG. 5C 1s a drawing describing an example of the
processing tlow for releasing an extent acquired by means of
a buddy system 1n this invention.

FIG. 6 1s a drawing describing an example of the pro-
cessing tlow for acquiring a segment at an allocated partition
level 1n preferred embodiment 2 of this invention.

FIG. 7A 1s a drawing describing the prior stage of an
example of the processing tlow for acquiring a segment with
the requested allocation size 1n preferred embodiment 2 of
this 1nvention.

FIG. 7B 1s a drawing describing the latter stage of an
example of the processing tlow for acquiring a segment with
the requested allocation size 1n preferred embodiment 2 of
this invention

FIG. 8A 1s a drawing describing the prior stage of an
example of the processing tlow for releasing a segment with
the requested allocation size acquired 1n preferred embodi-
ment 2 of this invention.

FIG. 8B 1s a drawing describing the latter stage of an
example of the processing tlow for releasing a segment with
the requested allocation size acquired 1n preferred embodi-
ment 2 of this invention.

FIG. 9 1s a drawing describing an example of the pro-
cessing flow for acquiring a segment at an allocated partition
level 1n preferred embodiment 3 of this imnvention.

FIG. 10 1s a drawing describing an example of the
processing tlow for acquiring an available extent in pre-
ferred embodiment 3 of this invention.

DETAILED DESCRIPTION

Although hereinbelow details of preferred embodiments
of implementations of this invention are described referenc-
ing drawings, before that the terms used 1n this specification
are defined below. First, region 1s defined once again. The
region 1n this mvention i1s a pre-assigned area as shown in
FIG. 1A, and 1s the area to be assigned from the very
beginning. This invention assumes that regions have been
already acquired.
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A segment 1s any assigned or allocated area. Because a
region 1S a pre-assigned area, 1t 1s a special kind of a
segment.

Partitioning a segment into a plurality of segments that
have a size that 1s a product of a power of 2 and the
allocation umt size 1s called multilevel partitioming. Also a
segment that has been multilevel-partitioned 1s called a
multilevel segment.

Also, 1 the description below, mention of the actual
allocation unit area 1s omitted, and, as for area sizes, there
may be cases wherein the description of simply 2 to the n-th
power and so forth 1s used.

Hereinbelow, each term related to segment and each term
for region that correspond to the term related to segment are
defined and described respectively.

To partition 1s to assign an area or to divide an area and
assign a divided part of the area, and this may also be called
an allocation.

When an allocation 1s done, the partition sizes of areas are
stipulated to be mutually different power-o1-2 sizes, and the
areas are allocated from the start position of the original area
in the sequence of the magnmitude of their sizes.

An area 1s a segment or region. In particular, the parti-
tioming of a region 1s called primary partitioning. Also a
segment allocated by means of a primary partitioning 1s
called a primary segment.

In this mvention, primary partitioning 1s an initial allo-
cation for a region.

The power-o1-2 exponent of the allocated size of a seg-
ment by a partitioning or the power-oi-2 exponent of the
allocated size of a primary segment derived by a primary
partitioning 1s called the partition level.

For example, when supplementing this description using
the tree configuration 580 shown in FIG. 1B, because the
s1ze of the extent at level 3 corresponding to node 441 1s 4
(2 to the power of 2), that partition level 1s 2.

To continue this description using the above defined
terminology, 1n accordance with one preferred embodiment
of this mvention, regions are primary-partitioned and man-
aged for each primary segment.

Also, 1n accordance with a diflerent embodiment of this
invention, an allocation request for a segment which
includes a requested allocation size 1s recerved, and a
segment with the mimimal size that 1s the product of the
power of 2 and the size of region allocation umt and that
encompasses the requested allocation size 1s acquired, and 1n
addition, a sum of mutually different powers of 2 1s calcu-
lated using the requested allocation size and the region
allocation unit size, and in the segment for which an
allocation request has been received, a multilevel-segment
that 1s multilevel-partitioned into segments, one segment for
cach exponent of the mutually differing powers of 2 that are
calculated, whose size 1s the product of the power of 2 and
the region allocation unit size, 1s made the segment to be
used and the remaining segment other than the segments to
be used 1s multilevel-partitioned nto segments each of
whose size 1s the product of such power of 2 and the region
allocation unit size such that the size of the remaining
segment 1s the product of a sum of mutually different powers
of 2 and the region allocation unit size, and that remaining
multilevel-segment that 1s multilevel-partitioned is released
and put 1n an available status.

Next, an example of a hardware configuration for
embodying the present invention i1s described referencing
FIG. 2.

Storage device region management and segment alloca-
tion and release processing according to one preferred
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embodiment of this invention 1s implemented for a data
storage apparatus 308 by a data processing apparatus 301
shown 1n the drawing having at least a central processing
umt 302 and a cache memory 303, and a data storage
apparatus 308. Data storage apparatus 308 includes the
allocated partition table 208 and the acquired region 211 that
1s the object of management, described hereinbelow. As
shown 1n FIG. 2, data storage apparatus 308 can be imple-
mented by main storage device 305 or external memory 306
or a combination of those or alternatively, by using a
remotely disposed apparatus connected via a communica-
tion apparatus 307.

In other words, 1t 1s clear from the description below that,
although 1t 1s most common to think that the main memory
305 can be disposed within the data processing apparatus
301, and allocated partition table 208 can be held 1n main
memory 305, and region 211 can be allocated in external
storage device 306, yet even 1n the case wherein region 211
1s allocated 1 main memory 305, this mvention i1s still
applicable.

In the example shown in FIG. 2, although the main
memory 303, the external storage device 306, and the
communication apparatus 307 are connected to the data
processing apparatus 301 by a single bus 304, there 1s no
restriction to this connection method.

Also, although 1t 1s not particularly illustrated, a tempo-
rary memory area can of course be used to enable various
values obtained during processing to be used 1n subsequent
processing. In the descriptions below, the values stored or set
in a temporary memory arca may be called by the name of
that temporary memory area 1n order to abbreviate the
CXpression.

Hereimnbelow, preferred embodiment 1 of this invention 1s
described referencing FIG. 3A to FIG. 3C. This preferred
embodiment acquires the allocation size for a region, and
computes a sum of mutually differing powers of 2 from the
allocation size, and the region undergoes a primary partition
into primary segments whose sizes are the computed mutu-
ally differing powers of 2 and 1s managed for each of the
primary segments that are the result of the primary partition.
There 1s no restriction on the method to acquire regions, and,
as was noted above, they can be acquired by means of the
above noted unshown utility program like a disk allocator or
other such means, and 1t 1s suflicient to be provided the start
position of a region and its size.

FIG. 3A i1s a drawing describing an overview of the
primary partitioning (initial allocation) of an acquired region
and 1ts management 1 preferred embodiment 1 of this
invention.

The example 1n FIG. 3A shows the relationship between
the region size 220 of the acquired region 211 and the
primary segments 1 to 3 (81la, 82a, 83a). The acquired
region 211 can, for example, be thought of as the region 3
(193) shown 1n FIG. 1A. Because any size of a region size
can be expressed as the sum of mutually differing powers of
2, when the region size 1s expressed in region size 220 as the
sum of mutually differing powers of 2, the size of the region
s1Ze 1s expressed 1n a binary expression by storing a 1 bit in
the position of an exponent of the power of 2 existing 1n that
sum (hereinafter this may be called the significant bit
position) and a 0 bit 1n the other exponent positions.

Because, 1n the example shown 1n FIG. 3A, a bit value 1
1s stored 1n multiple bit positions (5, 4, 2) in region size 220,
the region size 1s not i1dentical to the value of a power of 2,
and the region size of the acquired region 211 1s 2 to the 5th
power plus 2 to the 4th power plus 2 to the 2nd power=52.

As shown by the arrows (225, 224, 222), the primary
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segments 1 to 3 (81a, 82a, 83a) with sizes that are the power
of 2 of the value of the bit position corresponding to each of
the significant bit positions (35, 4, 2) in the region size 220 are
allocated from the start position 219 1n the acquired region
211.

FIG. 3B shows the allocated partition table 208 that 1s
used for management of the acquired region 211 that has
undergone the primary partitioning shown in FIG. 3A.
Allocated partition table 208 has an entry for each allocated
primary segment, and each entry 1s configured to include the
items: primary segment number 205, allocation position
202, and allocation size 203.

Allocation position 202 holds the position information for
acquired region 211, and the value of start position 219
(hereinbelow this may at times be called start position) 1s
stored 1n the allocation position 202 for the primary segment
1 whose primary segment number 1s 1, and 2-to-the-5th-
power 1s stored in its allocation size 203. Similarly, start
position plus 2-to-the-Sth-power 1s stored in the allocation
position 202 for primary segment 2, and 2-to-the-4th-power
1s stored 1n its allocation size 203; and start position plus
2-to-the-Sth-power plus 2-to-the-4th-power 1s stored 1n the
allocation position 202 for primary segment 3 and 2-to-the-
2nd-power 1s stored 1n its allocation size 203.

By employing the primary-partitioning method described
above 1n the preferred embodiment 1 of this mmvention, even
if the size of the acquired region 1s not equal to a value that
1s a power ol 2, because that region can be partitioned nto
segments equal to a value that 1s a power of 2 and managed
that way, 1t 1s possible to employ the buddy method for each
primary segment that 1s initially allocated, and the acquired
region can be used eflectively.

FIG. 3C 1s a drawing describing an example of the
processing flow to primary-partition a region in preferred
embodiment 1 of this mvention. Here, the processing to
primary-partition 1s the processing specifically, for example,
to set the values 1n the allocated partition table 208 shown
in FIG. 3B. Heremnbelow the description references allocated
partition table 208 as an example.

First, at step S201, a value 1s set 1n an allocation bit map
that expresses 1n binary the provided region size of the
acquired region. An allocation bit map 1s exemplified by the
region size 220 shown in FIG. 3A.

Here the allocation bit map 1s an unshown work area.
Even 1n the descriptions below, 1n order to abbreviate the
expressions, without particularly refusing to say “in the
work area with the name X we may also say “set...1n X",

Next, at step S202, the region start position 1s set in the
allocation position. Next, at step S203, an 1ni1tial value 1s set
in the primary segment number. Next, at step S204, the
highest order bit position of the allocation bit map 1s set in
the bit position. In the example shown in FIG. 3A, a 5 1s set
in the bit position.

Next, proceeding to step S2035, the bit value pointed to by
the bit position 1s extracted from the allocation bit map, and
at step S206a, a determination 1s made whether the extracted
bit value 1s a 1. If the bit value 1s a 1, processing proceeds
to step S207a, and a value that 1s a power-oi-2 of the bit
position 1s set 1n the allocation size.

Next, i step S207b, the value set in the allocation
position 1s set 1n the allocation position 202 of the entry in
allocated partition table 208 pointed to by the primary
segment number, and the value that 1s a power-o1-2 whose
exponent 1s the value set 1n the bit position is set in allocation
s1ze 203, and processing proceeds to step S208.

In the first-time processing 1n the example shown 1n FIG.
3B, the in1tial value 1 1s set 1n primary segment number 205,
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the start position 1s set 1 allocation position 202, and 2 to
the power of 5 1s set 1n allocation size 203.

At step S208, a determination 1s made whether the bat
position 1s the lowest order bit position in the allocation bit
map, and 11 1t 1s the lowest order bit position, processing 1s
terminated, and if i1t 1s not the lowest order bit position,
processing moves 1o step S209q, and the value calculated by
adding the allocation size to the allocation position 1s set 1n
the allocation position. Next, at step S210, 1 1s added to the
primary segment number, and at step S211, 1 1s decremented
from the value set 1 the bit position and processing returns
to step S205.

Conversely, 1f the determination at step S206a 1s that the
bit value 1s not 1, processing proceeds to step S2065 and a
determination 1s made whether the bit position 1s the lowest
order bit position 1n the allocation bit map, and 1f 1t 1s the
lowest order bit position, processing 1s terminated, and 11 1t

1s not the lowest order bit position, processing moves to step
S211.

The processing of the loop of steps S205 to S211 1s
repeated until the bit position becomes the lowest order bit
position, and when the bit position becomes the lowest order
bit position, processing 1s terminated.

By means of the above processing the primary-partition-
ing of an acquired region 1s completed.

Next, preferred embodiment 2 of this invention 1s
described. This preferred embodiment 2 receives from a
requester a request to acquire a segment, which request may
include a requested allocation size that differs from a power-
of-2 size, and the segment with the smallest power-o1-2 size
(=allocated partition level) that encompasses the requested
allocation size 1s acquired by means of buddy system
allocation processing, and by releasing the unused area 1n
the segment as free segments by means of buddy system
allocation processing, segments to be used corresponding to
the requested allocation size can be acquired as a continuous
area ol a segment at a different partition level. The above
noted acquisition of a segment at an allocated partition level
can be taken, as 1s in the preferred embodiment 1, from a
primary segment that 1s primary-partitioned out of a region
but 1t 1s not limited to that method.

FIG. 4A 1s a drawing describing an overview of the
acquisition of a segment with the requested allocation size,
and releasing unused segments in preferred embodiment 2 of
this 1nvention.

FIG. 4A shows the relation between requested allocation
s1ze 20a, which 1s not equal to a power-oi-2 size, and the
segment 80 that 1s acquired based on that allocation size, and
the relations among the segments 1 to 4 (815, 835, 84¢, 82¢)
that are multilevel-partitioned out of the acquired segment
80. The significant bit positions 1n requested allocation size
20q are bits 3 and 1, and thus the requested allocation size
1s 2 to the 3rd power plus 2 to the 1st power=10.

If a plurality of significant bits exist, in other words, if the
requested allocation size 1s not a power-of-2 size, one
position higher than the highest order significant bit position
3 1n requested allocation size 20q, that 1s, the position 4,
becomes the allocated partition level 44a.

Then, as shown by the dotted-line arrow 44 1n the
drawing, by means of the allocation processing 23 using the
buddy system, which relationship 1s shown by the dotted-
line arrow 40, the segment 80 1s acquired whose power-o1-2
s1ze 1s that wherein the power-of-2 number 1s taken to be the
4 of allocated partition level 44a. All the allocation process-
ing of any existing buddy system can be used 1n acquiring
segment 80. Hereinbelow, referencing FIG. 6 and FIG. 3B,
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an example of allocation processing by means of the buddy
system 1n this preferred embodiment 2 1s described.

The relation between each bit value in requested alloca-
tion size 20a and segments 1 to 4 (815, 835, 84c, 82c¢) 1s
shown by the solid-line arrows 715 and 735 and the dotted-
line arrows 73¢ and 72¢. In other words, the fact that the
highest order significant bit position in requested allocation
s1ize 20a 1s 3 corresponds to the fact that a 2-to-the-3rd-
power sized segment 1 (815) 1s divided and allocated by
being partitioned, and the fact that the bit value of the next
bit position 2 1s 0 corresponds to the fact that a 2-to-the-
2nd-power sized segment 2 (82¢) 1s divided and allocated.
Then, because the next bit position, position 1, 1s a signifi-
cant bit position, a 2-to-the-1st-power sized segment 3 (835)
1s divided and allocated, and furthermore because the bait
position 1 1s the lowest order significant bit position, the rest
of the area 1s allocated as segment 4 (84c¢).

[The segment to be used, which 1s a multilevel-segment,
corresponding to the requested allocation size 1s configured
of segment 1 (815) and segment 3 (83bH), and the unused
segment 15 configured of segment 4 (84¢) and segment 2
(82¢).

FIG. 4B 1s a drawing describing an example of the
allocation statuses ol extents at each partition level 1n
preferred embodiment 2 of this invention.

The tree of allocation statuses and level internal numbers
for each extent shown 1n FIG. 4B shows the allocation status
1 or O of extents divided in half (buddy partitions), from
partition level 4 to partition level 1, for the extent corre-
sponding to the acquired segment 80 shown in FIG. 4A. The
allocation status 1 corresponds to an unavailable status, and
allocation status O corresponds to an available status. An
available status 1s the status that allows the allocation of that
extent, and an unavailable status is the status wherein, by
itself, 1t 1s unclear whether the whole extent or part of it can
be allocated. The solid line connecting the allocation status
of an upper partition level to the allocation status of a lower
partition level shows the relation of the buddy partitions for
the extent, related to each allocation status. In the drawing
the level internal number 1s taken to start from O.

The allocation status 616 for partition level 4 1s that of the
extent corresponding to segment 80, and therein 1s set a 1.
Of the allocation statuses 608 for partition level 3, that with
the level internal number 0 1s the extent corresponding to
segment 1 (815), and a 1 1s set therein, and a 1 1s set 1n the
extent allocation statuses of all the lower partition levels that
are buddy-partitioned out of that extent. Of the allocation
statuses 602 for partition level 1, that with the level internal
number 4 corresponds to segment 3 (835) and that with the
level internal number 5 corresponds to segment 4 (84c¢). A
1 and a O, respectively, 1s set in each, corresponding to
whether the configuring segment 1s an unavailable segment
or an available segment. Then, of the allocation statuses 604,
that with the level internal number 3 corresponds to segment
2 (82¢), and a O 1s set therein.

Although, of the allocation statuses 602 for partition level
1, those with the level internal numbers 6 and 7 have a 1,
they can still be used as if in an available status by a
buddy-partition of the extent with level internal number 3 at
partition level 2 because, of the allocation statuses 604 for
partition level 2, which 1s their higher partition level, the
allocation status of level mternal number 3 1s a O.

By making the allocation statuses of level iternal num-
bers 6 and 7 at partition level 1 a 1, when a search 1s made
for an available extent at partition level 1 in the allocation
statuses shown 1n FIG. 4B, the available extent with level
internal number 5 1s acquired on a preferential basis. Thus,
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thereinafter, it has been disposed such that when there 1s a
search for an available extent at partition level 2, the extent
with the level internal number 3 at partition level 2 has been
left as an available extent.

Although, 1 order to facilitate understanding, FIG. 4B
expresses the allocation statuses as a tree 1t 1s clear that the
allocation statuses can be kept in a bit map in a contiguous
area.

Next, referencing FIG. 5A to FIG. 3C, a buddy system 1n
preferred embodiment 2 1s described. Hereinbelow, although
the description 1s such that a buddy system 1n preferred
embodiment 2 1s taken to be the allocation and release of
extents within a primary segment configuring a primary-
partitioned region in preferred embodiment 1, 1n other
words, the primary segment number 1s taken to have been
provided, as was noted above, the description 1s not limited
to that method, and it can be taken to be the allocation and
release of power-oi-2-sized extents.

FIG. SA 1s a drawing describing an example of the
processing flow for imtializing a buddy system in this
preferred embodiment.

As shown in the drawing, 1n step S301, a partition level
corresponding to the allocation size of the primary segment
pomnted to by the primary segment number 1s set in the
partition level. Next, at step S502, an imtial value (for
example, the value 0) 1s set 1n the level internal start number,
and at step S303, the level internal start number 1s set in the
level internal end number.

Next, at step S504, available status 1s set 1n the allocation
status poimnted to by level internal start number at the
partition level, and processing proceeds to step S505.

When the description of the processing of the above noted
step S501 to step S504 takes the segment 80 exemplified 1n
FIG. 4A to be a primary segment, available status 1s set 1n
the allocation status 616 for partition level 4. Also, the
selection of a primary segment that acquires segments 1s
described heremnafter referencing FIG. 6. Also the level
internal number shown 1n FIG. 4B 1s generally computed as
level mternal start number plus the allocation number. The
level internal start number can be any number, and allocation
number 1s an oflset from the level internal start number.
Thus, when the level internal start number 1s taken to be O,
the level internal number and the allocation number have the
same value.

In step S505, a determination 1s made whether the parti-
tion level 1s the lowest partition level. If 1t 1s the lowest
partition level, initialization 1s completed and processing 1s
terminated. IT 1t 1s not the lowest partition level, processing
proceeds to step S506.

At step S506, the value 1 i1s decremented from the
partition level. Next, at step S507, the level internal start
number 1s set 1 the allocation number, and at step S3508, a
sum of the doubled value of the level internal end number
and the value 1 1s set 1n the level internal end number.

Next, at step S509, an unavailable status i1s set in the
allocation status pointed to by the allocation number at the
partition level, and at step S510, a determination 1s made
whether the allocation number 1s i1dentical to the level
internal end number. If the allocation number 1s 1dentical to
the level internal end number, processing returns to step
S505, and 11 1t 1s not 1dentical, at step S511, 1 1s added to the
allocation number and processing returns to step S509.

The above noted processing of step 305 to step S3511 1s
that 1n which an unavailable status 1s set 1n the allocation
status of an extent buddy-partitioned for a primary segment.
In the example shown 1n FIG. 4B, at step 508, the level
internal end number 1s, starting from the 1nitial value of 0,
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calculated to be 1, 3, 7, at each pass through the processing
loop, and allocation statuses pointed to by the allocation
numbers (level internal number) from the level internal start
number 0 to the level internal end number 1n partition levels
3 to 1 are set to unavailable status. As was described above,
the available status and unavailable status can be set i the
bit positions corresponding to each buddy-partitioned extent
in a bit map that expresses allocation status.

By means of the above processing the buddy system in
this preferred embodiment 1s put 1n 1ts 1nitial status. In this
initial status, only the extents corresponding to primary
segments are made to be 1n the available status, and extents
that are buddy-partitioned out of extents corresponding to
primary segments and that are actually in an available status
are marked as being in an unavailable status. Just as was
noted hereinbefore, there are cases for extents with an
unavailable status where they can be used and where they
cannot be used.

FIG. 5B 1s a drawing describing an example of the
processing flow for acquiring an available extent by means
of a buddy system 1n this preferred embodiment. Before an
available extent 1s mitially acquired, the buddy system 1is
initialized by the mnitialization processing described refer-
encing FI1G. 5A.

First, 1n step S521, the partition level corresponding to the
allocation size of a primary segment pointed to by the
primary segment number 1s set 1n the primary partition level
and the allocated partition level 1s set in the partition level.
Here, the allocated partition level 1s the partition level of an
available extent acquired by the buddy system. In the
example shown in FIG. 4A the value set 15 a 4.

Next, 1 step S522, an extent with an available status 1s
sought for within the partition level, and at step S3523 a
determination 1s made whether any available extent exists 1n
the partition level. If there 1s no available extent, processing,
branches to step S524, wherein a determination 1s made
whether the partition level points to a primary partition level,
in other words, whether 1t 1s the size of a primary segment.
If it points to a primary partition level, the acquisition
process 1s taken to be a failure and processing 1s terminated,
and 11 1t does not point to a primary partition level, process-
ing proceeds to step S525, wherein the value 1 1s added to
the partition level and processing returns to step S522.

Conversely if the determination at step S523 1s that an
available extent exists in the partition level, processing
proceeds to step S526, wherein an allocation number with
the available status 1s acquired and an unavailable status 1s
set 1n the allocation status pointed to by the allocation
number, and processing proceeds to step S327. At step S527,
a determination 1s made whether the partition level 1s an
allocated partition level and if it 1s an allocated partition
level, processing 1s terminated, and 1t 1t 1s not an allocated
partition level, processing branches to step S3528.

At step S528, the value 1 1s decremented from the
partition level, and processing proceeds to step S529,
wherein the allocation number 1s doubled.

The processing of these steps S328 and S529 corresponds
to the process of buddy-partitioming. Next, at step S530, the
available status 1s set 1n the allocation status pointed to by
the allocation number for that partition level, and 1n step
S531, the available status 1s set 1n the allocation status of the
buddy partition paired with that allocation number for that
partition level (hereinaiter this may be called a buddy), and
processing returns to step S3522. In other words, the alloca-
tion statuses of the two extents acquired by buddy-partition-
ing are made to have an available status, and then a search
1s made for an extent with an available status. Then, at step
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S526, the allocation status of an extent found with an
available status 1s made to be 1n the unavailable status, and
the process of making the allocation statuses of buddies to
be 1n the available status 1s repeated until the partition level
becomes that of an allocated partition level, and an available
extent at the allocated partition level 1s acquired.

FIG. 53C 1s a drawing describing an example of the
processing tlow for releasing an extent acquired by means of
a buddy system 1n this mvention.

First, 1n step S541, the partition level corresponding to the
allocation size of the primary segment pointed to by the
primary segment number 1s set in the primary partition level,
and the release partition level 1s set 1n the partition level.
Here, the release partition level 1s the partition level of the
extent with the unavailable status to be released by the
buddy system. If the segment 1 (815) 1n the example shown
in FIG. 4A 1s to be released, the release partition level 1s the
3 associated with that segment, and 3 1s set 1n the partition
level. Also, the allocation number within the release parti-
tion level that identifies the extent with the unavailable
status that 1s to be released 1s provided as the release number.

Next, 1n step S543, a determination 1s made whether the
partition level 1s a primary partition level. If 1t points to a
primary partition level, the partition level corresponds to the
root node, and because no buddy exists, processing branches
to step S548, and the available status 1s set 1n the allocation
status pointed to by the release number 1n that partition level
and processing 1s terminated.

Conversely, when the determination at step S543 1s that it
does not point to a primary partition level, processing
proceeds to step S544, wherein a determination 1s made
whether the allocation status pointed to by the buddy of the
release number in that partition level has an available status.
IT 1t does not have an available status processing proceeds to
the step S548 described hereinbefore, and 11 1t does have an
available status, processing branches to step S545.

At step S545, unavailable status 1s set 1n the allocation
status pointed to by the buddy of the release number 1n that
partition level. Next, at step S546, 1 1s added to the partition
level, and at step S547, the quotient of the release number
divided by 2 1s set 1n the release number, and processing
returns to step S543.

The processing loop of the above steps S543 to S547 1s
repeated until the partition level points to a primary partition
level, or the allocation status pointed to by the buddy of the
release number 1n that partition level has an unavailable
status, and finally by setting the available status in the
allocation status pointed to by the release number in that
partition level, the processing to release an allocated seg-
ment 1s completed. In other words, 1n the processing shown
in FIG. 5C, i1 the allocation status pointed to by the buddy
of the release number has an available status, the pair of
allocation statuses pointed to by the release number and 1ts
buddy are put in the unavailable status, and an available
status 1s set 1n the allocation status pointed to by the release
number when an allocation status pointed to by a buddy in
a higher partition level becomes that of an unavailable status
or when the partition level points to a primary partition level.

Next, the processing in preferred embodiment 2 of this
ivention 1s described, referencing FIG. 6 to FIG. 7B,
wherein a segment 1s acquired at an allocated partition level,
and that segment 1s multilevel-partitioned, and 1n the mul-
tilevel-segment that has been multilevel-partitioned, a seg-
ment to be used corresponding to the requested allocation
s1ze 15 acquired as a continuous area composed of segments
at different partition levels, and the remaining unused seg-
ment 1s released by buddy system allocation processing.
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FIG. 6 1s a drawing describing an example of the pro-
cessing flow for acquiring a segment at an allocated partition
level in this preferred embodiment. The acquisition of a
segment at an allocated partition level 1s performed before
the acquisition of a segment with the requested allocation
s1ze and 1s one part of the processing to acquire a segment
with the requested allocation size described hereimafter
referencing FIG. 7A and FIG. 7B. Here, a segment at an
allocated partition level 1s acquired, for example, from the
acquired region 211 shown in FIG. 3A. Hereinbelow, 1n
addition to the example shown in FIG. 4A, the description
references the allocated partition table 208 shown in FIG.
3A and FIG. 3B.

As shown in FIG. 6, 1n step S601, the lowest level primary
segment number 1n the allocated partition table 1s set 1n the
primary segment number. In the example 1n FIG. 3B, 3 1s set
in primary segment number 1n allocated partition table 208.
In other words, processing to acquire a segment with the
requested allocation size starts for the primary segment with
the smallest size.

Next, at step S602, the allocation size in the allocated
partition table entry pointed to by the primary segment
number 1s read out, and 1n step S603, a determination 1s
made whether the read-out allocation size 1s smaller than the
requested allocation size. If 1t 1s smaller, processing
branches to step S606. In the example shown 1n FIG. 4A,
because the requested allocation size 1s 10 and the allocation
s1ize 203, for the segment whose primary segment number
205 15 3, 15 4, the allocation size 1s smaller than the requested
allocation size at the first time processing. Therefore pro-
cessing passes through step S606, proceeding to step S607,
wherein 2 1s set as the next primary segment number.

Conversely, when the determination 1n step S603 1s that
the allocation size 1s not smaller than the requested alloca-
tion size, processing proceeds to step S604, and a segment
at that allocated partition level 1s acquired from the primary
segment pointed to by the primary segment number, and 1ts
allocation number 1s acquired. Details of step S604 were
described above referencing FIG. 3B.

Next, i step S605, a determination 1s made whether a
segment has been acquired at step S604 for that allocated
partition level. I a segment has been acquired for that
allocated partition level, processing branches to step S608,
and the primary segment number, the allocated partition
level, and the allocation number are set in the results of
acquiring a segment at that allocated partition level, and
processing 1s terminated.

If a segment has not been acquired in the processing of
step S604 for that allocated partition level, processing pro-
ceeds to step S606, wherein a determination 1s made whether
the primary segment number 1s the highest level number. IT
the primary segment number 1s the highest level number, the
acquisition 1s taken to be a failure and processing 1s termi-
nated, and 1f the primary segment number 1s not the highest
level number, in step S607, the next primary segment
number 1s set in the primary segment number, and process-
ing returns to step S602.

The above loop processing of step S602 to step S607 1s
repeated while updating the primary segment number until
a segment 1s acquired at that allocated partition level and
cven 1I the primary segment number i1s the highest level
number, 11 a segment cannot be acquired at the allocated
partition level, the acquisition 1s taken to be a failure and
processing 1s terminated.

In the examples of the initial allocation shown 1n FIG. 3A
and the requested allocation size shown 1n FIG. 4A, because
the requested allocation size 1s 10, the allocation size of the
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primary segment 3 (83a) 1s 4, and the allocation size of the
primary segment 2 (82a) 1s 16, an attempt 1s made 1n step
S604 to acquire a segment at that allocated partition level
from primary segment 2 (82a), and 11 that acquisition fails,
an attempt 1s made to acquire a segment at that allocated
partition level from the next primary segment, segment 1
(81a). Because the size of the primary segment 2 (82a) 15 16
and the size of the primary segment 1 (81a) 1s 32, the
allocation number of the segment acquired at that allocated
partition level 1s either O or 1.

Next, referencing FI1G. 7A and FIG. 7B, the processing to
acquire a segment with the requested allocation size 1s
described.

FIG. 7A 1s a drawing describing the prior stage of an
example of the processing tlow for acquiring a segment with
the requested allocation size 1n preferred embodiment 2.
This prior stage processing 1s the processing to acquire a
segment at an allocated partition level.

First, at step S701, a value expressing 1 binary the
requested allocation size 1s set 1n the allocation bit map. The
allocation bit map becomes something like the requested
allocation size 20a shown in FIG. 4A. The requested allo-
cation size 1s presumed to be provided by the requester.

Next, at step S702, the lowest bit position 1n the allocation
b1t map whose bit value is a 1 1s set 1n the lowest bit position.
In the example shown 1n FIG. 4A, a 1 1s set 1in the lowest bit
position.

Next, at step S703, the highest bit position 1n the alloca-
tion bit map whose bit value 1s a 1 1s set 1n the highest bit
position. In the example shown in FIG. 4A, the value 3 1s set
in the highest bit position.

Next, 1 step S704, a determination 1s made whether the
highest bit position coincides with the lowest bit position. IT

they coincide, processing branches to step S705. This case
differs from the example shown 1n FIG. 4A, and 1s the case
wherein the requested allocation size 20a coincides with a
power-oi-2 size, and only one place in the allocation bit map
set at step S701 has a bit position with a 1 1n 1t. Thus, 1n the
description below, an allocation request with a power-oi-2
s1ze may sometimes be referred to as a single bit request.

In the case of branching from step S704 to step S705, at
step S705, the highest bit position 1s set 1n the allocated
partition level. In this case, the size of the allocated partition
level becomes 1dentical with the requested allocation size.
Next, proceeding to step S706, a segment at that allocated
partition level 1s acquired by means of the processing
described referencing FIG. 6, and its primary segment
number and allocation number are obtained. Here, the
primary segment number 1s the one set at step S601 or step
S607 of FIG. 6. Also, the allocation number 1s the one set at
step S526 1n the example of the processing flow 1n FIG. 5C
called out at step S604.

Next, in step S707, a determination 1s made whether, 1n
the processing of step S706, a segment 1s acquired at that
allocated partition level, 1n other words, a segment with the
requested allocation size, and 1f 1t 1s not acquired, the
acquisition 1s taken to be a failure and processing 1s termi-
nated. If a segment with the requested allocation size 1s
acquired, 1 step S707a, the allocation number 1s added to
the level internal start number and the sum 1s set 1n the level
internal number, and at step S707H, the primary segment
number, the allocated partition level, and the level internal
number are set in the acquisition results and processing 1s
terminated.

Conversely, 1f the highest bit position and the lowest bit
position do not coincide, at step S708, the value 1 1s added
to the highest bit position and the sum 1s set 1n the allocated
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partition level, and processing proceeds to step S709. In the
example of FIG. 4A, a 4 1s set as the allocated partition level
d44a. In this case, because there are a plurality of bit positions
in the allocation bit map set at step S701 whose bit values
are a 1, 1n the description hereinbelow, an allocation request
whose requested allocation size does not coincide with a
power-ol-2 size may sometimes be referred to as a multi-bit
request.

At step S709, just as 1n step S706, a segment 1s acquired
at that allocated partition level by means of the processing
described referencing FIG. 6, and its primary segment
number and allocation number are obtained.

Next, i step S710, a determination 1s made whether a
segment has been acquired at the allocated partition level by
the processing of step S709, and 11 one has not been
acquired, the acquisition 1s taken to be a failure and pro-
cessing 1s terminated, and 1f one has been acquired, pro-
cessing proceeds to step S711 shown i FIG. 7B.

FIG. 7B 1s a drawing describing the latter stage of an
example of the processing tlow for acquiring a segment with
the requested allocation size in a multi-bit request 1n pre-
terred embodiment 2. This latter stage processing is the
processing to acquire a segment with the requested alloca-
tion size as the segment to be used, by releasing the unused
segment from the segment acquired at an allocated partition
level.

First, 1n step S711, the value of the allocation number
obtained at step S709 1s doubled and then 1s set in the
allocation number, and 1n step S712, the highest bit position
1s set 1n the bit position. In the examples of FIG. 3A and FIG.
4 A, because the allocation numbers have a 0 or a 1, and the
highest bit position 1s a 3, a 0 or a 1 1s set in the allocation
number and a 3 is set 1n the bit position.

Next, at step S713, the bit value pointed to by the bit
position 1s extracted from the allocation bit map, and 1n step
S714 a determination 1s made whether the extracted bat
value1s a 1, and if 1t 1s a 1 processing proceeds to step S718,
and 11 1t 1s a O processing proceeds to step S715.

At step S715, the bit position 1s set 1n the release partition
level, and processing proceeds to step S716, wherein the
value 1 1s added to the allocation number and the sum 1s set
in the release number. Next, 1n step S717, the segment with
the release number at that release partition level in the
primary segment pointed to by the primary segment number
1s released by means of the processing described referencing
FIG. 5C, and 1n step S717a, the value of the allocation
number 1s doubled and the result value 1s set 1n the allocation
number, and processing proceeds to step S720.

On the other hand, at step S718, a determination 1s made
whether the bit position 1s the lowest bit position, and 11 1t
1s the lowest bit position, processing proceeds to step S721,
and 11 1t 1s not the lowest bit position, processing branches
to step S719, wherein a 1 1s added to the allocation number,
which then 1s doubled, and the result 1s set 1n the allocation
number, and processing proceeds to step S720. At step S720,
a 1 1s decremented from the bit position and processing
returns to step S713.

In the examples of FIG. 3A and FIG. 4A, as was described
above, the allocation number of the segment at allocated
partition level 4 obtained at step S709 1s either a 0 or a 1.
After the allocation number of segment 1 (815) at the
buddy-partitioned partition level 3, which segment 1s buddy-
partitioned out of the segment at the allocated partition level,
1s made a O or 2 at step S711, 1n the first time processing,
which processing 1s at bit position 3, processing branches
from step S718 to step S719, the allocation number 1s made
a 2 or a 6, and the bit position 1s made a 2. In the second time
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processing, because the bit value at bit position 2 1s a 0,
processing proceeds to step S71S5. Then, a 2 1s set 1n the
release partition level and a 3 or 7 1s set 1n the release
number. If the allocation number for segment 1 (815) at
partition level 3 1s a 0, segment 2 (82¢) with the release
number 3 at partition level 2 1s released, and i1 the allocation
number for segment 1 (815) at partition level 3 15 a 2,
segment 2 (82¢) with the release number 7 at partition level
2 1s similarly released.

Furthermore 11 the determination at step S718 is that the
bit position 1s the lowest bit position, processing proceeds to
step S721, wherein the bit position 1s set 1n the release
partition level, and at step S722, the value 1 1s added to the
value 1n the allocation number and the sum 1s set in the
release number. Then i step S723, the segment with the
release number at the release partition level 1n the primary
segment poimnted to by the primary segment number 1s

released, by means of the processing described referencing
FIG. 5C.

In the examples of FIG. 3A and FIG. 4A, because bit
position 1 1s the lowest bit position, and in the processing of
bit position 2 1n step S717a, the allocation number becomes
4 or 12, a 1 1s set 1n the release partition level and a 5 or a
13 1s set 1n the release number. Thus 11 the allocation number
for segment 1 (81b) at partition level 3 1s a 0, segment 4
(84c) with the release number 5 at partition level 1 1s
released, and 1f the allocation number for segment 1 (815) at
partition level 3 1s a 2 segment 4 (84c¢) with the release
number 13 at partition level 1 1s similarly released.

Following step S723, at step S724, the allocation number
1s added to the level internal start number and the sum 1s set
in the level internal number, and at step S725, the primary
segment number, the allocated partition level, and the level
internal number are set 1 the acquisition results for a
segment with the requested allocation size, and processing 1s
terminated. Here, the set allocated partition level 1s the one
set at step S708 of FIG. 7A.

The above processing completes the acquisition of a
segment to be used corresponding to the requested size and
the release of unused segment.

Next, the processing to release a used segment with the
requested allocation size 1s described referencing FIG. 8A
and FIG. 8B.

FIG. 8A 1s a drawing describing the prior stage of an
example of the processing flow for releasing a segment
(used segment) acquired with the requested allocation size 1n
preferred embodiment 2. The acquisition results of the
segment with the requested allocation size described refer-
encing FIG. 7B are presumed to be included 1n the release
request and also the requested allocation size can also be
presumed to be included in the release request.

First, at step S801, the value calculated by subtracting the
level internal start number from the level internal number 1s
set 1n the release number and the allocated partition level 1s
set 1 the release partition level, and next, in step S802, a
value expressing 1n binary the requested allocation size 1s set
in the allocation bit map.

Next, at step S803, the lowest bit position 1n the allocation
bit map whose bit value is a 1 1s set 1n the lowest bit position.
In the example shown 1n FIG. 4A, a 1 1s set 1n the lowest bit
position. Next, at step S804, the highest bit position 1n the
allocation bit map whose bit value 1s a 1 1s set 1n the highest
bit position.

Next, 1 step S805, a determination 1s made whether the
highest bit position and the lowest bit position coincide. IT
they coincide, processing branches to step S806. This case
1s the case wherein the requested allocation size 20a coin-
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cides with a power-of-2 size and 1s the case wherein the
allocation request 1s a single bit request. At step S806, the
segment pointed to by the release number at the release
partition level in the primary segment pointed to by the
primary segment number 1s released by means of the pro-
cessing described referencing FIG. 5C, and processing 1s
terminated.

Conversely, 1f the determination at step S803 is that the
highest bit position and the lowest bit position do not
coincide, processing proceeds to step S807 shown in FIG.
8B. FIG. 8B 1s a drawing describing the latter stage of an
example of the processing tlow for releasing a used segment
acquired with the requested allocation size in preferred
embodiment 2. This latter processing 1s the processing to
release a used segment with a multi-bit request.

As shown 1n the drawing, at step S807, the value calcu-
lated by doubling the release number 1s set in the release
number (allocation number), and at step S808, the highest
bit position 1s set 1n the bit position.

Next, at step S809, the bit value pointed to by the bit
position 1s extracted from the allocation bit map, and at step
S810, a determination 1s made whether the extracted bit
value 1s a 1. If the bit value 1s not a 1, in step S811, the value
of the release number 1s doubled and set in the release
number and processing proceeds to step S814. If the bit
value i1s a 1, 1n step S812, the bit position and release number
are written to a stack, and at step S813, a 1 1s added to the
release number, which then 1s doubled, and the result 1s set
in the release number, and processing proceeds to step S814.

At step S814, a determination 1s made whether the bit
position 1s the lowest bit position, and 11 1t 1s not the lowest
bit position, at step S815, 1 1s decremented from bit position
and processing returns to step S809. If it 1s the lowest bit
position, 1n step S816 a determination 1s made whether the
stack 1s empty, and 11 it 15 empty, processing 1s terminated
and 11 1t 1s not empty, processing proceeds to step S817,
wherein a bit position and release number 1s extracted from
the stack. Next, at step S818, the bit position extracted at
step S817 1s set 1n the release partition level. Then at step
S819, the segment with the release number at the release
partition level in the primary segment pointed to by the
primary segment number 1s released by means of the pro-
cessing described referencing FIG. 3C, and processing
returns to step S816.

By repeating the above processing loop of step S816 to
step S819 until the stack becomes empty, the release of the
segment with the requested allocation size 1s completed.

If a used segment with the requested allocation size
shown 1n the example 1n FIG. 4A 15 released, at step S801,
a 0 or 1 1s set 1n the release number, and at step S807, a O
or 2 1s set 1n the release number. At step S808, a 3 1s set 1n
the bit position, and the bit position 3 and the release number
0 or 2 are initially set 1in the stack. After 1 has been added
to the release number, which i1s then doubled and updated to
2 or 6, 1n the processing of bit position 2, the release number
1s further doubled and 1s updated to 4 or 12. Then 1n the
processing of bit position 1, the bit position 1 and release
number 4 or 12 are written into the stack.

Thereinafter, the bit position 1 and release number 4 or 12
are extracted from the stack, and a 1 1s set 1n the release
partition level, and the segment with release number 4 or 12
1s released. It the allocation number for segment 1 (815) at
partition level 3 1s a 0, the segment 3 (83b) with release
number 4 at partition level 1 1s released, and i1 the allocation
number for segment 1 (815) at partition level 3 1s a 2, the
segment 3 (83b) with release number 12 at partition level 1
1s similarly released.
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Following that, bit position 3 and release number O or 2
are extracted from the stack, and a 3 1s set 1n the release
partition level, and the segment with release number O or 2
1s released. In other words, segment 1 (815) at partition level
3 15 released. By means of the above processing, segment 1
(81b6) and segment 3 (835), which configure the used seg-
ment, are released.

By using the methods of the above preferred embodiment
2 of this invention, even 1f there 1s an acquisition request for
a segment of which size does not coincide with a power of
2, because that segment can be partitioned into segments
whose size 1s a value that 1s a power of 2 and can be
managed for each of those segments, the buddy system
method can be applied to each of those segments, and the
acquired segments can be used effectively. Also, even 1f a
segment 1s acquired whose segment size 1s a power-oi-2 size
larger than the requested size, the areas exceeding the size
requested by the requester can be managed as available
segments and can be used eflectively.

Next, the preferred embodiment 3 of this mmvention 1s
described. This preferred embodiment 3 corresponds to a
variant of the above preferred embodiment 2. It 1s the same
as preferred embodiment 2 1n that a request from a requester
to acquire a segment, which request may include those
whose requested allocation size differs from a power-oi-2
s1ze, and a segment 1s acquired with the smallest power-o1-2
s1ze (allocated partition level) encompassing the requested
allocation size, and 1n this segment, by releasing an unused
segment by means of buddy system allocation processing, a
usable segment corresponding to the requested allocation
s1ze can be acquired as a continuous arca of segments at
different partition levels.

However, with regard to the acquisition of a segment at an
allocated partition level, 1n comparison to the processing in
preferred embodiment 2, as was described referencing the
example of the processing flow shown 1n FIG. 5B and FIG.
6, wherein the search for an available extent by means of a
buddy system corresponding to one primary segment while
updating the partition levels, and 11 an available extent 1s not
found within that buddy system, the update of the primary
segment number, and the search for an available extent by a
buddy system corresponding to the primary segment with
that primary segment number, are repeated until an available
extent 1s found, 1n the processing of preferred embodiment
3, the search for an available extent ranges over diflering
primary segments in the same partition level and when an
available segment cannot be found in all the primary seg-
ments, the updating of the partition level, and the search for
an available extent ranging over differing primary segments
in the that partition level, are repeated.

Hereimnbelow, preferred embodiment 3 of this invention 1s
described, referencing FIG. 9 and FIG. 10 by describing the
differences with preferred embodiment 2 of this invention.
As was noted above, the diflerence between preferred
embodiment 2 and preferred embodiment 3 1s 1n the proce-
dure to acquire a segment at an allocated partition level
corresponding to differing primary segments. Thus, of the
description of preferred embodiment 2 done referencing
FIG. 4A to FIG. 8B, the parts differing with preferred
embodiment 3 are the parts described referencing FIG. 5B
and FIG. 6 and the part related to those parts for acquiring
a segment at an allocated partition level described referenc-
ing FIG. 4A. And so an example of the processing flow of
preferred embodiment 3 corresponding to FIG. 5B and FIG.
6 of preferred embodiment 2 1s described.

FIG. 9 1s a drawing describing an example of the pro-
cessing tlow for acquiring a segment at an allocated partition




US 9,778,872 B2

19

level mm preferred embodiment 3 of this invention. The
example of the processing tflow shown 1 FIG. 9 corresponds
to the processing flow 1n preferred embodiment 2 of this
invention shown in FIG. 6.

As shown 1n FIG. 9, at step S900, the allocated partition
level 1s set 1 the partition level. Next, at step S901, the
primary segment number at the lowest level 1n the allocated
partition table 1s set 1n the primary segment number. In the
example of FIG. 3B, 3 i1s set 1n the primary segment number.
In other words, processing to acquire a segment with the
requested allocation size starts from the primary segment
with the smallest size.

Next, at step S902, the partition level corresponding to the
allocation size of the primary segment pointed to by the
primary segment number 1s set in the primary partition level,
and 1n step S903, a determination 1s made whether the
partition level 1s larger than the primary partition level set at
step S902.

I 1t 1s not larger, processing proceeds to step S904, and a
segment at the allocated partition level 1s acquired from the
primary segment pointed to by the primary segment number
and 1its allocation number 1s obtained. Details of step S904
are described below referencing FIG. 10.

Next, 1n step S905, a determination 1s made whether a
segment at the allocated partition level 1s acquired at step
S904. I a segment at the allocated partition level 1s acquired,
processing branches to step S908, and the primary segment
number, the allocated partition level, and the allocation
number are set 1n the acquisition results for a segment at the
allocated partition level, and processing 1s terminated. If a
segment at the allocated partition level 1s not acquired 1n the
processing of step S904, processing proceeds to step S906.

Also, at step S903, when a determination 1s made that the
partition level 1s larger than the primary partition level set at
step S902, processing proceeds to step S906.

At step S906, a determination 1s made whether the pri-
mary segment number 1s the highest number. If the primary
segment number 1s not the highest number, processing
proceeds to step S907, and at step S907, the next primary
segment number 1s set 1n the primary segment number, and
processing returns to step S902. The above processing loop
of steps S902 to S907 1s the processing to find an available
extent ranging over diflering primary segments in the above
noted same partition level.

Conversely, 1f the primary segment number 1s the highest
number, processing proceeds to step S906a, wherein a
turther determination 1s made whether the partition level
points to a primary partition level, and 11 it points to a
primary partition level, the acquisition 1s taken to be a failure
and processing 1s terminated, and 11 1t does not point to a
primary partition level, in step S907a, the value 1 1s added
to the partition level and processing returns to step S901.
The above processing loop from the determination process-
ing of step S906a via step S907a returning to step S901 1s
the processing to find an available extent ranging over
differing primary segments at the partition level for which
the partition level 1s updated, as was noted above.

The above doubly nested processing loops are repeated,
updating the primary segment number and the partition
level, until a segment can be acquired at the allocated
partition level, and 11 a segment cannot be acquired at the
allocated partition level even if the partition level 1s the
primary partition level, the acquisition 1s taken to be a failure
and processing 1s terminated.

FIG. 10 1s a drawing showing an example of the detailed
flow 1 step S904 shown mn FIG. 9 and it describes an
example of the processing flow for acquiring an available
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extent 1n preferred embodiment 3 of this invention. The
example of processing tflow shown in FIG. 10 1s one that
corresponds to the processing flow for preferred embodi-
ment 2 of this invention shown 1n FIG. 5B.

As shown 1n the drawing, first, 1n step S1022, an extent
with an available status 1s sought for within the partition
level. The partition level 1s the one set at step S900 or step
S907a shown 1n FI1G. 9. Next, at step S1023, a determination
1s made whether any available extent exists 1n the partition
level. If there 1s no available extent, the acquisition 1s taken
to be a failure and processing 1s terminated.

Conversely, 11 the determination at step S1023 1s that there
1s an available extent at the partition level, processing
proceeds to step S1026, and an allocation number with an
available status 1s acquired, and an unavailable status 1s set
in the allocation status pointed to by the allocation number,
and processing proceeds to step S1027. At step S1027, a
determination 1s made whether the partition level 1s the
allocated partition level, and if 1t 1s the allocated partition
level, processing 1s terminated, and if 1t 1s not the allocated
partition level processing branches to step S1028.

At step S1028, the value 1 1s decremented from the
partition level, and proceeding to step 51029, the allocation
number 1s doubled. The processing of these steps S1028 and
51029 corresponds to buddy-partition processing just as in
the case of preferred embodiment 2. Next, at step S1030, an
available status 1s set in the allocation status pointed to by
allocation number at the partition level, and 1n step S1031,
an available status 1s set 1n allocation status pointed to by the
buddy allocation number that 1s paired in the buddy-partition
with the allocation number at the partition level and, and
processing returns to step S1022. In other words, the allo-
cation statuses ol both the extents obtained by buddy par-
titioning are put in the available status and a search for an
extent with an available status 1s performed. Then, at step
S1026, the allocation status of an extent found with an
availlable status 1s made to be 1n the unavailable status, and
the process of making the allocation statuses of buddies to
be 1n the available status 1s repeated until the partition level
becomes that of an allocated partition level, and an available
extent at the allocated partition level 1s acquired.

In accordance with the preferred embodiment 3 described
above, when, 1n a given primary segment, for example, 1n a
primary segment with a small size there 1s no available
extent at the desired partition level, and an available extent
at the desired partition level exists 1n a diflerent primary
segment with a larger size, buddy-partitioning is not done to
an available extent at a partition level higher than the desired
partition level for the primary segment with a small size, and
an available extent with the desired partition level can be
acquired from a different primary segment.

Although the foregoing 1s a detailed description of pre-
ferred embodiments for embodying this invention, the
embodiments of the present invention are not limited 1n this
manner, and 1t will be clear to a person skilled 1n the art that
a variety of modifications thereof are possible. It 1s also clear
that a storage area management method, a storage area
allocation method and a storage area release method and
similar methods 1n accordance with a preferred embodiment
of this mvention can be mmplemented on a computer by
means of a program that executes on that computer. Thus the
above-noted programs and a computer-readable storage
medium into which the programs are stored are encom-
passed by the embodiments of the present invention. It 1s
also clear that the execution means for each of the various
processings in the storage area management method, the
storage area allocation method, and the storage area release
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method 1n accordance with a preferred embodiment of this
invention can be implemented on a computer by the above
program. Thus 1t 1s also clear that the storage arca manage-
ment apparatus, the storage area allocation apparatus, and
the storage area release apparatus can be implemented on a
computer by the above program. Further, the data storage
apparatus of which storage area 1s managed by a storage area
management method 1n accordance with a preferred embodi-
ment of this mvention and the data storage apparatus of
which storage area 1s assigned to a file system and a storage
area allocation method in accordance with a preferred
embodiment of this invention are encompassed by the
embodiments of the present invention. Also, when a data
storage apparatus comprises a storage medium drive device
and a storage medium, the storage medium of which storage
area 1s managed by a storage area management method 1n
accordance with a preferred embodiment of this mvention
and the storage medium of which storage area 1s assigned to
a file system by a storage area allocation method 1n accor-
dance with a preferred embodiment of this mvention are
encompassed by the embodiments of the present invention.

What 1s claimed 1s:
1. A storage area allocation method for allocating a
storage area with a requested allocation size, which 1s a size
ol a storage area that 1s requested to be allocated, from a
region, which 1s a preliminary allocated storage area, com-
prising;:
a receiving step that recerves an allocation request for a
storage area that includes the requested allocation size;

an acquiring step that acquires an available storage area
whose size 1s a smallest size of a product of all of the
product of power-o1-2 sizes and a region allocation unit
s1ize encompassing the requested allocation size from
the region;

an obtaining step that obtains a binary expression whose

value 1s the requested allocation size divided by the
allocation unit size; and

an allocation step that allocates, 1n response to the

received allocation request, from the available storage
area, a contiguous storage area comprised of storage
areas each of whose size 1s a product of the allocation
unit size and a power of 2 of a value of a bit position
wherein a 1 1s set 1n the binary expression and which
contiguous storage area 1s conjomned by the storage
areas 1n a sequence of magnitude of sizes of the storage
areas.

2. A storage area allocation method according to claim 1,
turther comprising a releasing step that releases a storage
area other than the allocated storage area of the acquired
available storage area with the smallest size.

3. A storage area allocation method according to claim 2,
wherein the releasing step releases the storage area other
than the allocated storage area of the acquired available
storage area with the smallest size 1n accordance with a
buddy system.

4. A storage area release method that releases storage
areas allocated by the storage area allocation method accord-
ing to claim 1 comprising;
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a release step that releases storage areas according to a
buddy system 1n a sequence from a storage area whose
bit position in the above binary expression is the
smallest.

5. A non-transitory computer-readable storage medium
for storing a program that a computer 1s caused to execute,
for performing the storage area release method according to
claim 4.

6. A non-transitory computer-readable storage medium
for storing a program that a computer 1s caused to execute,
for performing the storage area allocation method according
to claim 1.

7. A storage area allocation apparatus for allocating a
storage area with a requested allocation size, which 1s a size
of a storage area that i1s requested to be allocated, from a
region, which 1s a preliminary allocated storage area, com-
prising;:

an allocation request receiving means that receives an
allocation request for a storage area that includes the
requested allocation size;

an available storage area acquiring means that acquires an
available storage areca whose size 1s a smallest size of
a product of all of the product of power-of-2 sizes and
a region allocation unit size encompassing the
requested allocation size from the region; and

an allocation means that obtains a binary expression
whose value 1s the requested allocation size divided by
the allocation unit size and allocates, 1n response to the
received allocation request, from the available storage
area, a contiguous storage areca comprised of storage
areas each of whose size 1s a product of the allocation
unit size and a power of 2 of a value of a bit position
wherein a 1 1s set 1 the binary expression and which
contiguous storage area 1s conjoined by the storage
areas 1n a sequence of the magnitude of sizes of the
storage areas.

8. A non-transitory computer-readable storage medium
for storing a program that a computer i1s caused to execute,
for performing a storage area management method for a data
storage apparatus, comprising:

an acquiring step that acquires an allocation size of a
region, which 1s a storage area that has been prelimi-
narily allocated;

a computing step that computes a sum of mutually dif-
fering powers of 2 by a calculation using the allocation
size and a region allocation unit size;

a partitioning step that partitions the region into primary
segments for each of exponents with mutually differing
powers of 2 that 1s computed, which primary segments
are storage areas each of whose size 1s calculated by
multiplying that power of 2 with the region allocation
unit size by obtaining an allocation position, which 1s
a beginning address of a particular primary segment,
and an obtained allocation size, which 1s a size of the
particular primary segment, from the region allocation
unit size and a region head address; and

a keeping step that keeps the allocation position and the
obtained allocation size for each primary segment.
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